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ABSTRACT 
Foodborne Escherichia coli (E. coli) outbreaks have been a continual public 
health concern for decades, costing the U.S. $405.2 million annually, in premature 
deaths, medical care, and lost productivity [3]. Antibiotics have been a common 
defense against bacteria; however, increase findings of antibiotic-resistant bacteria 
have lead to research of bacteriophage as a method to reduce foodborne illnesses. This 
research project investigated the effectiveness of phage for controlling the 
propagation of artificially contaminated E. coli O157:H7 meat samples. The samples 
were inoculated by dipping with an E. coli concentration of ~10
8
CFU/ml of to achieve 
a bacterial coverage of ~10
3
CFU/cm
2
. Following the bacterial application, the meat 
samples were inoculated with pp01 via dipping using a phage concentration of ~2-
6X10
8
PFU/ml. The samples were evaluated after various incubation conditions: 0h, 
0.5h, 2h, 24h, 48h, and 72h. Two replicate trials were performed; the only difference 
being that in Trial 1 a non-filtered phage stock was used, while in Trial 2 a phage 
stock that was filtered with 0.45μm filter was used. Of the two trials performed, the 
results displayed that the highest reduction of E. coli after phage application occurred 
at 24h with ~2.7X10
5
CFU/cm
2
. 
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EXECUTIVE SUMMARY 
E. coli is a gram-negative bacterium found in the intestinal tract of warm 
blooded animals. Besides causing 60 deaths per year in the U.S., these resistant 
organisms can survive on counter tops for several weeks and require an extremely 
small dose of bacterial colonies for infection. In an effort to reduce foodborne 
illnesses, antibiotics and antiseptic agents are applied directly to foods and to 
machinery in contact with foods at packaging plants to allow for control of bacterial 
growth. These methods have posed problems in that mutant bacteria have acquired 
resistance to such treatments and in that some of these treatments change the taste, 
smell, and appearance of the foods. Unlike antibiotics and antiseptic agents, the 
introduction and distribution of phage within these foods can be viewed as a natural 
process. 
Phages are observed as natural enemies of bacteria and are commonly found in 
natural settings where bacteria live. Phage are the most abundant self-replicating units 
in our environment and are present in significant numbers in water and foods of 
various origins, and nonfood sources such as: feces, soil, sewage, farms and 
processing facility effluents. Previous research has shown promising results in the 
intervention of phage to control E. coli. Phage strategies for food preservation have 
the advantages of being self-perpetuating, highly discriminatory, natural, and cost-
effective. Common negative critiques of phage use are its limited host range, the 
requirement for threshold numbers of bacterial targets, and phage resistant mutant 
development.  
This project focuses on determining the effectiveness of phage application as a 
method to control propagation of artificially contaminated meat samples with E. coli 
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O157:H7. In doing this, an experimental protocol was designed to test for the 
CFU/cm
2 
(Colony Forming Units) reduction of E. coli O157:H7 strain EDL933 on 
processed meat samples after 0h, 0.5h, 2h, 24h, 48h, and 72h treatments with phage 
pp01. A multiplicity of infection (MOI) of 100 was established as a constant 
parameter for the phage-to-bacteria ratio.  
Two replicate trials were performed; the only difference being that in Trial 1 a 
non-filtered phage stock was used, while in Trial 2 a phage stock that was filtered 
with 0.45μm filter was used The stock phage concentration obtained for Trial 1 was 
of 6.4X10
8
PFU/ml (Phage Forming Units) and of 1.96X10
8
PFU/ml for Trial 2. With 
respect to the phage concentration used, the bacterial concentration was adjusted to 
~10
8
CFU/ml in order to achieve a bacterial coverage of ~10
3
CFU/cm
2
 in each trial. 
This bacterial coverage corresponded to an MOI of 100 on the meat samples. The 
meat samples were cut, inoculated with bacteria by dipping, inoculated with either 
phage or control media by dipping, incubated at 22
o
C for each time condition, 
stomached, and plated to obtain the number of CFU.   
From the two trials performed, the highest bacterial reduction on meat samples 
occurred after 24h of treatment with pp01. For the 24h condition, Trial 1 showed a 
bacterial reduction of ~3X10
5
CFU/cm
2 
and Trial 2 showed a bacterial reduction of 
~1X10
5
CFU/cm
2 
(p0.0036 for both trials). In addition, there was no statistical 
difference in the reduction of E. coli at 0h from 0.5h, suggesting the exclusion of the 
0.5h condition for future research. No data was obtained for incubating the meat 
samples with bacteria and phage for 48h and 72h as contamination arose from the 
meat samples themselves. For future research we suggest conduction of this 
experimental protocol with an MOI>10 or <100, to test for incubation times between 
2h-24h and 24h-48h, and to raise the initial bacterial coverage from ~10
3
CFU/cm
2
 to 
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~10
5
CFU/cm
2
, in order to determine the conditions at which the most bacterial 
reduction can be obtained. 
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CHAPTER 1: INTRODUCTION AND BACKGROUND  
1.1 Bacterial Food Poisoning 
Bacterial food poisoning has been a continual global issue for several decades, 
as cases of food poisoning has been documented in the United States, Canada, the 
United Kingdom, Australia, and several other developed and underdeveloped 
countries. In 2007, Canadian public health experts reported that there are 11 to 13 
million cases of food poisoning in Canada every year [7]. In Ireland, Campylobacter 
was reported to be the number one cause of foodborne illness, and around 2,000 cases 
were reported in 2006 by the Food Safety Authority of Ireland [4]. In the United 
States, the most common causes of bacterial foodborne illnesses come from 
Campylobacter, Salmonella [1], Escherichia coli (E. coli), and Listeria 
monocytogenes, among others. The Center for Disease Control and Prevention (CDC) 
has estimated that E. coli infections and its complications are responsible for a 
minimum of 2,000 people being hospitalized and about 60 deaths per year [2]. Also, 
the United States Department of Agriculture estimated that the annual cost of E. coli 
O157:H7 illnesses in the United States reaches $405.2 million, of which $370 million 
are from premature deaths, $30.2 million for medical care, and $5 million for lost 
productivity [3]. 
The mortality and cost burden of foodborne illnesses has led to various 
methods for controlling foodborne bacteria. The use of antibiotics has been the most 
widely used method to control in-vivo bacterial infections, and the use of alkaline 
cleaners has been common in food-producing plants. Nonetheless, there has been an 
increased interest in the use of bacteriophages (phage), among others, as possible 
controls for foodborne bacteria. Over the past decade, increased studies have been 
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performed on the phage interaction with a certain bacteria on a variety of foods: 
Listeria monocytogenes on apples and melons, Salmonella species on chicken skin 
and cheese, Campylobacter jejuni on chicken skin, and Escherichia coli on steak 
meat. The focus of this study will be on the use of bacteriophages as a biocontrol for 
E. coli O157:H7 in processed meat.  
1.2 Escherichia coli O157:H7  
The E. coli species inhabit the intestinal tract of warm blooded animals, 
including humans, mammals, and birds. More than 700 serotypes of E. coli have been 
identified, and are distinguished by the “O” and “H” antigens on their outer 
membranes and flagella, respectively. Of the many serotypes of E. coli, only those 
producing the Shiga toxin (Stx) are pathogenic. The most studied and common of the 
pathogenic E. coli serotypes is E. coli O157:H7 [2]. 
Several dangerous characteristics of the Stx-producing E. coli have led to their 
hazardous reputation. For one, these resistant organisms have the ability to survive on 
counter tops for several weeks. In fact, they can live for 70 days at 5
o
C on bovine 
feces and up to a year on materials like compost at room temperature. Stx-producing 
E. coli are highly resistant to acid as well [2]. In addition, the dose of bacteria 
required for infection can be as low as only 10 cells to start “housekeeping” in a 
victim’s intestinal tract and cause infection [10]. Thirdly, once E. coli reaches the 
intestinal tract and is able to cause infection, the pathological effects on the victim are 
severe and in some cases deadly.  
E. coli O157:H7 infection is characterized by symptoms such as: severe 
cramps, abdominal pain, and diarrhea. The diarrhea commonly becomes watery, and 
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it may also appear bloody. The onset of these symptoms begins around 3 to 9 days 
after incubation of the bacteria in the victim, and the symptoms can last up to a week 
after onset [12]. In addition, about 5-10% of people that become infected with E. coli 
develop hemolytic uremic syndrome (HUS) [12], which is a life-threatening 
complication caused by the uptake of the Stx toxin into the circulatory system. In 
HUS, the body’s clot mechanisms become uncontrolled as red blood cells are 
destroyed and cellular debris accumulates in the blood vessels. These three key events 
cause the blockage of terminal arterioles and capillaries of many of the major organs 
of the body [12]. 
The history of E. coli O157:H7 documentation commences in 1982 when an 
outbreak of hemorrhagic colitis was linked to the consumption of contaminated 
hamburgers by the victims. After this first documentation, at least thirty E. coli 
O157:H7 outbreaks were recorded in the United States for the following ten years 
(Griffin & Tauxe, 1991), and high numbers of documented outbreaks have continued. 
To mention a few, the 1993 Jack-in-the-Box restaurant outbreak resulted in hundreds 
death, including four children; in 1996 a radish sprouts outbreak occurred in Japan; 
and a spinach and Taco Bell outbreak occurred in the United States in 2006 [6].  
The severe effects associated with past experiences of E .coli infection has led 
to the documentation of all reported cases, pertaining to both outbreaks and sporadic 
isolated cases, as a means to control and prevent E. coli O157:H7 infections. 
Nonetheless, the CDC estimates that about 85% of E. coli O157:H7 infections are 
foodborne in origin, where ground beef, venison, sausages, dried (non-cooked) 
salami, unpasteurized milk and cheese, unpasteurized apple juice and cider, orange 
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juice, alfalfa and radish sprouts, lettuce, spinach, and water [2] have been sources of 
E. coli O157:H7 infection. Figure 1 shows the E. coli contamination on ground beef. 
Figure 1: Microscopic view of E. coli contamination of ground beef. 
 
Reference 1: http://www.neighborhoodmarket.org/site/base.php?page_id=132 
 
Current methods for preventing the infection of foods or food-processing plants with 
E. coli O157:H7 rely heavily on the use of alkaline cleaners. In a search for a better 
method to control E. coli O157:H7 propagation on foods, investigations on the use of 
bacteriophages to control foodborne bacteria has given promising results in recent 
years.  
1.3 Bacteriophage Control of Foodborne Bacteria 
Bacteriophages and their function 
Since the First World War in the early 1900’s, the existence of bacteriophages 
and their interaction with bacteria has been known from the early pioneering work of 
Feliz d’Herelle and Fredwick Twort. In 1910, d’Herelle and Twort traveled to Mexico 
to study the plague of locusts and discovered the bacteria-fighting effects of 
bacteriophages [9]. Although examination of bacteriophages on bacteria continued in 
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the Soviet Union and Eastern Europe, it was not adopted by Western countries, whose 
primary focus was the development of antibiotics. With time, antibiotic discoveries 
overpowered the rudimentary stages of phage therapeutics. However, the knowledge 
of antibiotic resistant bacteria has impelled researchers to examine the reality of using 
phages to therapeutically treat humans and animals, and as a biocontrol against 
foodborne pathogens. 
Phages are observed as natural enemies of bacteria, and these viruses 
commonly infect bacteria by lysing it. Existing in various morphologies, their basic 
structure is nucleic acids carried within a protein capsule and, depending on the type 
of phage, may include a lipid component. [9]. Figure 2 shows the bacteriophage pp01. 
Figure 2: Bacteriophage pp01. 
 
Reference 2: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=427753  
 
Infection of the host bacteria depends on specific interactions between the 
cell’s surface receptors and phage anti-receptors. Via a channel enzymatically formed 
by the host, nucleic acids pass from the phage into the cytoplasm of the bacteria. In 
lytic infection, phage nucleic acids encode enzymes that hijack the host cell’s 
metabolic machinery as a form of phage replication. The host cell ruptures and new 
phage particles are released to infect other host cells [9]. Refer to Figure 3 below for a 
visual representation of the bacteriophage lytic cycle of reproduction.
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Figure 3: Bacteriophage reproduction through lytic cycle. 
 
 
Reference 3: http://www.ebifoodsafety.com/en/technology.aspx 
 
Sources of bacteriophage 
Given that the purpose of phage is to kill bacteria, phage are commonly found 
in areas where bacteria live. Therefore, phage exist in natural settings. They are the 
most abundant self-replicating units in our environment and are present in significant 
numbers in water and foods of various origins, especially in fermented foods. Phages 
used for pathogen control in foods and food production systems usually originate 
from environmental samples and other nonfood sources such as municipal waste 
water, feces, soil, sewage, farms and processing facility effluents. Unlike antibiotics 
and antiseptic agents, the introduction into and distribution of phage within a given 
environment can be viewed as a natural process. Phage is present in plant and animal 
by-products; they are routinely consumed with our food, in quite significant numbers. 
On fresh and processed meat and meat products, more than 10
8
 viable phage per gram 
are often present. In addition, phages are normal commensals of humans and animals 
and exist in high concentration in the gastrointestinal region [8]. 
Application of phage to host-subject for biocontrol 
Currently, all the uses of phage for biocontrol have been reported at the 
experimental stage. Most research to date has involved experimentally infected plants 
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and animals or artificially inoculated foods [8]. Bacteriophages have the potential to 
be employed at the pre-harvest stag, to prevent or reduce colonization of infection in 
the live anima, and the post-harvest stage, to decontaminate carcass meat or disinfect 
equipment having contact surfaces with animal and plant by-products [11]. 
In the pre-harvest stage several types of plants and animals have been studied: 
tomatoes, spouts, chicken, beef cattle and sheep. In these pre-harvest cases phages 
were utilized to eradicate the infecting bacterial disease [8]. Experiments have been 
preformed with E. coli O157:H7 on calves and sheep. Some evidence has indicated 
that phages can control E. coli O157:H7 in ruminal fluid and that the oral 
administration of phage mixtures can reduce the duration of E. coli O157:H7 
shedding in calves [5]. However, researchers were not successful in using phages to 
control E. coli O157: H7 shedding in lambs. Postulated hindrance was to due to the 
time of application, nonspecific absorption or inactivation of bacteriophage in situ, or 
the use of a single phage. Fecal shedding of E. coli O157:H7 by ruminants is 
intermittent, unpredictable, and of short duration, which makes pre-slaughter control 
measures difficult to assess [5]. 
Post-harvest control of bacteria by phages is a popular condition of research. 
There is substantial published data available for biocontrol in dairy products, poultry 
and red meats. During a recent evaluation of the control of E. coli O157:H7 in broths, 
O’Flynn et al. reported that phages could eliminate the bacteria on beef steak at temp 
of 30-37
o
C where the organism was growing but could not lyse the cells in the 
absence of growth at 12
o
C [5]. Overall, more research should be obtained to identify 
phages that can endure pH, temperature, atmosphere etc. that any given food is 
subjected to, on and after the point of application [9]. 
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Advantages and disadvantages of phage use 
 As with any emerging technology or application, it is critical to evaluate both 
the positive and negative positions to determine if it could be safely implemented. 
Common negative critiques of phage biocontrol are: limited host range, the 
requirement for threshold numbers of bacterial targets, phage resistant mutant 
development, and the potential for the transduction of undesirable characteristics from 
one bacterial strain to another [8]. Most of the phage-host systems are highly specific, 
which is a general limitation if using a limited number of characterized phages to 
attack an unknown target of diverse bacteria [5]. The remedy is careful selection and 
pooling of different phages with different lyses ranges, or the use of a single broad 
host range phages which are able to infect all of the target hosts. However, the use of 
a single phage, rather than a pooled mixture, allows for the greater possibility of 
obtaining regulatory approval [5].  
The need for high bacterial populations for phage to have an impact in their hosts 
is a limitation, and it is a point of controversy [5]. As for bacteria becoming resistant 
to phage, phage has the natural ability to evolve and overcome the resistance 
mechanisms of their hosts. Also, since phage live in the same environment as their 
hosts, their application in such situations is not adding a new component to the 
environment but merely changing the natural balance in favor of biocontrol [11]. The 
purpose of phage is to kill live bacterial target cells. They generally do not cross 
species on genus boundaries, therefore not affecting desired bacteria (starter cultures) 
in foods, commensals in the gastrointestinal tract, or accompanying bacterial flora in 
the environment [5]. 
Other research over the past decade has shown the numerous advantages of further 
exploration for phage as a biocontrol in food. Phage biocontrol strategies for food 
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preservation have the advantages of being self-perpetuating, highly discriminatory, 
natural, and cost-effective [8]. 
1.4 Bacteriophage Control of E. coli O157:H7  
Strain E. coli O157:H7 is a prevalent pathogen infecting food, water, and 
persons through direct fecal contact at low doses. E. coli O157:H7 is a common 
contaminator of meat during the slaughtering process [10]. Previous research has 
shown promising results in the intervention of phage to control E. coli. The creation 
of our experiment was highly influenced by the research of O’Flynn et al. who 
employed phage specific for E. coli in vivo and in vitro to investigate its biocontrol 
attributes against its host cell. The parameters included three phage forms (e11/2, 
e4/1c and pp01) used individually and as a cocktail to evaluate their ability to lyse the 
bacterium. Phage pp01 stock was obtained from Tokyo Institute of Technology. Prior 
to the experiments, all three phages were individually assessed for their ability to 
plaque on a range of gram-negative bacteria including twelve distinct toxigenic E. coli 
O157:H7. Of the twelve only two strains showed resistance to the three phages [10]. 
In the bacterial challenge test, phage pp01 at 10
9
PFU/ml was individually 
tested to evaluate its ability to lyse E. coli O157:H7 in vitro at temperatures of 12, 30 
and 37
o
C. The results yielded a reduction of viable numbers of the culture below 
detectable values at 37
o
C. A 5-log-unit reduction was noted at 1 and 3 hour at 30
o
C. 
At 12
o
C the phage was unable to reduce bacteria numbers since the culture did not 
grow during this period [10]. 
An interesting observation noted with all individual strains of phage and the 
cocktail was the re-growth of bacteria within 2-3h when incubated at 37
o
C. The re-
growth was not present for incubation at 30
o
C.  
 For the in vivo portion of the experiment, 18 pieces of meat were cut and 
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inoculated with a rifampin-resistant derivative of E. coli O157:H7.  The phage 
cocktail was applied by pipette method to nine pieces of meat. (The other nine were 
used as a control and measured E. coli O157:H7 counts of ~10
5
CFU/ml. For the 
experimental pieces of meat, seven of the nine showed no CFUs of E. coli O157:H7. 
The remaining two samples had E. coli O157:H7 counts of less than 10CFU/ml [10]. 
 Since statistically accurate results were obtained with phage pp01 for the 
inactivation of E. coli O157:H7, this phage was applied to the E. coli strain EDL 933 
to evaluate its interaction. Similar to O’Flynn et al. research conditions, this project 
artificially inoculated processed meat, specifically jumbo-sized hotdogs, with E. coli 
O157:H7 and attempted to reduce the CFU with the application of pp01.  
CHAPTER 2: METHODOLOGY 
2.1 Bacteria Strains and Inoculums  
Non-pathogenic E. coli O157:H7 strain ATCC43888 
 Preparatory work was preformed with non-pathogenic E. coli O157:H7 strain 
ATCC43888 that was obtained from Agriculture and AgriFood Canada. A three-and-
a-half week period was given to practice handling the bacteria and mastering proper 
techniques required for the experiment. During this period, insights were found for the 
concentration of the stock bacteria, the concentration of the bacteria on the meat 
samples’ surface, and the remaining bacteria on the meats’ surface once dipped in a 
reagent that simulated the control media and phage used during the experiment. Also, 
an experiment was performed to confirm whether a 1:100 dilution of stock bacteria 
would produce 10
5
CFU/cm
2
 on the processed meat surface.  
 
Pathogenic E. coli O157:H7 strain EDL933 
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 The resulting research led to three experimental trials—pp01#1, pp01#2, and a 
baseline trial evaluation of the bacteria of the meat surface at time zero—that 
employed E. coli strain EDL 933. The source was Professor Gruenheid at McGill 
University, Montreal, Canada. This strain is a level II health risk bacterium, which is 
highly opportunistic.  
Preparation of Inoculums 
The resulting bacteria on the plate were used for a maximum of two weeks. 
Inoculation of bacteria occurred under the BioSafety Cabinet (BSC). A detailed 
protocol can be viewed in Appendix 1.4. One vertical streak from the plate was 
obtained and placed in 150ml of LB media to gather a diverse sample of bacteria 
colonies. The plate was parafilmed and stored in the refrigerator at 4
o
C. The flask was 
incubated for 18h at 37
o
C with swirling and followed with two rounds centrifugation 
(at 6210rpm for 20mins) and re-suspension in PBS. The spun solution was stored in 
the refrigerator at 4
o
C. 
Concentration determination of EDL 933 using spectrometry 
 Prior to the commencement of the experiment, the absorbance value of the 
bacteria EDL 933 with a 1:100 dilution was obtained via the spectrometer. The blank 
solution used was PBS and absorbance values were taken at wavelength 600nm. The 
desired absorbance was 6.677X10
 -02
. 
 Using a glass cuvette with a plastic cover containing ~2.5ml of PBS solution, 
the apparatus was blanked until a reading with a straight, crisp line at 600nm was 
obtained to set a baseline value. Before taking the absorbance value, the cuvette was 
filled with a homogenous solution (vortexed) of the bacteria to coat the walls of the 
cuvette. Then, it was discarded into the liquid biowaste container under the BSC, and 
the cuvette was filled with sample for a second time before being brought to the 
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spectrometer. The absorbance was measured three times and averaged.  
Concentration adjustments 
 Trials 1 and 2 were designed to occur under similar parameters; therefore, it 
was essential to use fresh bacteria EDL 933 at the same concentration when 
performing the trials. To keep the absorbance consistent, the solution of diluted EDL 
933 was further diluted to reach the goal absorbance value of 6.677X10
-2
. 
2.2 Bacteriophage Propagation and Isolation 
Propagation of pp01 
The lytic bacteriophage pp01, specific for the E. coli O157:H7 strain EDL933, 
was obtained from Japan in the summer of 2007. It was propagated and stored in a 
phage specific refrigerator at 4
o
C. Around 70ml of pp01 was produced prior to our 
arrival at McGill University by Charles Poitras. This stock was labeled pp01#1. From 
this first phage stock, two more stocks of ~70ml were propagated in parallel and 
labeled pp01#2 and pp01#3. The phage propagation was done by mixing a 2:1 
proportion of E. coli O157:H7 strain EDL933 to phage stock. After several incubation 
steps, the mixture was collected and stored in a 25ml glass bottle. The isolation 
process for the phage consisted of killing the bacteria in the mixture with chloroform 
and performing various centrifugations until no bacterial pellet was formed. Finally, 
the phage mixture was filtered with 0.45μl filters to increase sterility of the phage. 
The stock phage pp01#3 was not used as it was not possible to filter through the 
0.45μl filters. Refer to Appendix I for the detailed pp01 propagation protocol 
developed by Charles Poitras.  
Titer of pp01  
Before experimentation, a titer was performed on all phage stocks used. The titer 
was determined as PFU/mL, and this was used as a baseline for determining the 
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EDL933 concentration necessary to obtain a multiplicity of infection (MOI) of 100. 
The stocks of phage used for experimentation had a titer of ~10
8
PFU/ml. Refer to 
Appendix I for the detailed pp01 titer protocol developed by Charles Poitras. 
Titer of pp01 on Meat Samples 
Apart from the phage titer, a second calculation of PFU/cm
2
 was performed for 
the stocks of phage used to show the actual phage coverage on the meat samples after 
dipping. A protocol developed by Michael Coussa was followed, but failure to obtain 
readable results did not allow us to calculate the MOI using this method. The MOI 
was calculated using a relationship between PFU/cm
2
 and PFU/ml determined from 
prior experimentation by Michael Coussa.   
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2.3 Experimental Protocol  
The experimental protocol was designed to test for the reduction of CFU/cm
2 
of E. coli O157:H7 
of E. coli O157:H7 strain EDL933 on processed meat samples after treatment of two stock 
stock solutions phage pp01. An MOI of 100 was established as a constant parameter for the 
for the phage-to-bacteria ratio in the experimental protocol. The dipping method was utilized for 
utilized for the application of the bacteria, the phage, and the control media (CM) to the surface 
the surface of the meat samples. The stock phage concentration obtained was of 6.4X10
8
PFU/ml 
6.4X10
8
PFU/ml for trial pp01#1 and a value of 1.96X10
8
PFU/ml for trial pp01#2. Thus, the 
Thus, the bacterial concentration used for each trial was adjusted to achieve an MOI of 100 on 
of 100 on the meat samples and the phage concentration was a contributing factor. To obtain the 
obtain the desired MOI on the meat surface, ~10
3
CFU/cm
2 
coverage of bacteria was required 
required after dipping. To achieve such bacterial coverage, the meat samples were dipped in 
dipped in ~15ml of EDL933 at an adjusted concentration of ~10
8
CFU/ml. A visual flow chart of 
flow chart of the experimental protocol is seen in Figure 4: Visual protocol for experimental and 
control meat samples. 
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Preparation of meat sample 
The type of processed meat used for the experiments was hotdogs which were 
purchased at a Provigo grocery store in Montreal. The brand was Hydrograde jumbo 
BBQ hotdogs. All hotdogs were removed from the package and individually placed in 
freezer safe, sandwich-sized plastic zip bags under a sterilized environment with the 
use of sterile tweezers. The plastic bags were stored in a freezer at -4
o
C until the 
experiment took place.  Meat samples were defrosted either by being placed in the 
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refrigerator at 8
o
C the night before, or by being left on the countertop at room 
temperature for approximately 40min.  
Method and materials used for cutting meat samples 
All meat-handling occurred in the BSC. Each hotdog was cut into 1 cm pieces 
with the aid of a sterile cutting board, ruler, tweezers, and Exacto knife. All 
equipment was thoroughly sprayed with ethanol, and the tweezers and Exacto knife 
rested in a beaker of ethanol while not in use. Each sample piece was stored 
separately in petri dishes, and was kept in an air-tight, non-functioning storage 
refrigerator until it was inoculated with EDL933 bacteria. 
E. coli O157: H7 inoculation 
  All samples—both control and experimental—were inoculated with fresh 
bacteria EDL 933 under the BSC.  Tweezers were sterilized in ethanol for 10min or 
more and used to dip the meat sample in a 25ml sterilized beaker containing about 
15ml of EDL 933 for ten seconds. Every ten minutes a new sample piece was 
inoculated. Immediately after dipping, each sample was placed in a separate labeled 
petri dish, and stored in non-functioning storage refrigerator at room temperature, 
22
oC. At this time the bacteria began attachment and settled on the meat samples’ 
surface. 
Phage pp01 inoculation 
 Experimental samples were inoculated with stock solution pp01, while the 
control samples were exclusively dipped in control media. The application of pp01 
and control media was executed through dipping to achieve an even distribution on 
the meat surface.  Sterile tweezers were utilized to dip each meat sample for two 
seconds into a sterile beaker containing ~15ml of PP01. The incubation time for pp01 
with EDL933 on the meat samples varied depending upon the condition tested.  Refer 
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to Table 1 for the specific incubation times used.  
Recovery of bacteria 
After the three experimental meat samples were incubated with EDL933 and 
pp01, each sample was prepared for the stomacher, an apparatus that simulates the 
breakdown of food in the stomach. Each sample was “stomached” for 10min in a 
solution of 80ml of peptone water to produce a solution (Co/10) of mashed meat 
chunks in solution.  To ensure that the most accurate CFU representation was 
achieved, each of the three resulting stock solutions was diluted to 1:100 and 1:000. 
Each of the three meat samples was plated in triplicate for each dilution. Thus, six 
plates were produced for each meat sample, totaling 18 plates of experimental 
samples per time condition. The plating technique required 60µl of solution to be 
distributed along the plate with a sterile plastic spreader. All plates were labeled and 
incubated upside-down at 37
o
C overnight (18h). The bacterial colonies formed on 
each plate were counted and calculated as CFU/ml.     
2.5 Experimental Parameters  
Three trials were performed following the experimental protocol established. 
Trial 1 tested for the reduction of EDL 933 on meat samples during 0.5h, 2h, 24h, 
48h, and 72h of incubation with pp01#1. Trial 2 tested for the reduction of EDL 933 
on meat samples during 0.5h, 2h, 24h and 48h of incubation with pp01#2. Trial 3 
tested for the reduction of EDL933 on the meat samples during 0min of incubation 
with pp01#1 and pp01#2 to obtain a baseline for Trial 1 and Trial 2. Refer to Error! 
Reference source not found. for a summary of the conditions tested at each trial.  
Table 1: Experimental Conditions Tested 
Trial 
Incubation Time of Meat Samples with EDL933 and 
pp01/CM* 
 1: pp01#1 0.5h 2h 24h 48h 72h 
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*: CM stands for control media used for the positive controls. This media was prepared following the 
phage propagation protocol with the absence of any phage or bacteria. The control media contained 
PBS and excesses of soft agar.  
 
The reduction of EDL933 on the meat samples from the application of pp01 
was determined by comparing the CFU/cm
2
 obtained from meat samples that were 
incubated with EDL933 and pp01 (experimental) to the CFU/cm
2
 obtained from meat 
samples that were incubated with EDL933 and control media (positive controls). 
Thus, the positive controls were run under the same conditions of the experimental 
meat samples, differing in that they were dipped in control media (CM) instead of 
pp01. Negative controls were run for every condition as well to determine that the 
meat samples themselves were not a source of bacteria. As Error! Reference source 
not found. shows, these meat samples were not dipped in phage or in control media, 
as they were only in contact with peptone water once the meat samples were 
stomached. All the meat samples that served as controls followed the same incubation 
times and temperatures as determined in the experimental protocol. In addition, 
negative controls were run once for every trial to test for contamination from the 
EDL933, pp01, control media, PBS, and peptone water used that day. These negative 
controls did not involve the meat samples, as 60μl of each solution was spread in 
triplicates on small agar plates and incubated overnight (18h). Refer to Tables 2-4 
below for a layout of the number of meat samples used for each trial.  
 
Table 2: Experimental Layout for Trial 1 (pp01#1) 
Meat 
Samples 
Containing: 
Conditions  
Number 
of Meat 
Samples 
- 0.5h 2h 24h 48h 72h - 
2: pp01#2 0.5h 2h 24h 48h - 
3: pp01#1 and 
pp01#2 
0.5h - - - - 
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EDL933 and 
pp01#1 
(experimental) 
3 3 3 3 3 15 
EDL933 and 
CM* 
(pos.control) 
3 3 3 3 3 15 
Peptone 
Water 
(neg.control) 
- - - 3 - 3 
Total 6 6 6 9 6 33 
 
Table 3: Experimental Layout for Trial 2 (pp01#2) 
Meat 
Samples 
Containing: 
Conditions  
Number 
of Meat 
Samples 
- 0.5h 2h 24h 48h 72h - 
EDL933 and 
pp01#2 
(experimental) 
3 3 3 3 - 12 
EDL933 and 
CM* 
(pos.control) 
3 3 3 3 - 12 
Peptone 
Water 
(neg.control) 
- 3 3 3 3 12 
Total 6 9 9 9 3 63 
 
Table 4: Experimental Layout for Trial 3 (pp01#1 and pp01#2) 
Meat Samples 
Containing: 
Condition 
Number of 
Samples  
EDL933 and pp01#1 
(experimental) 
 
0h 
3 
EDL933 and pp01#2 
(experimental) 
 
0h 
3 
EDL933 and CM* 
(pos.control) 
 
0h 
6 
Peptone Water 
(neg.control) 
0h 3 
Total number of 
samples 
 15 
 below. 
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Figure 4: Visual protocol for experimental and control meat samples. 
 
Preparation of meat sample 
The type of processed meat used for the experiments was hotdogs which were 
purchased at a Provigo grocery store in Montreal. The brand was Hydrograde jumbo 
BBQ hotdogs. All hotdogs were removed from the package and individually placed in 
freezer safe, sandwich-sized plastic zip bags under a sterilized environment with the 
use of sterile tweezers. The plastic bags were stored in a freezer at -4
o
C until the 
experiment took place.  Meat samples were defrosted either by being placed in the 
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refrigerator at 8
o
C the night before, or by being left on the countertop at room 
temperature for approximately 40min.  
Method and materials used for cutting meat samples 
All meat-handling occurred in the BSC. Each hotdog was cut into 1 cm pieces 
with the aid of a sterile cutting board, ruler, tweezers, and Exacto knife. All 
equipment was thoroughly sprayed with ethanol, and the tweezers and Exacto knife 
rested in a beaker of ethanol while not in use. Each sample piece was stored 
separately in petri dishes, and was kept in an air-tight, non-functioning storage 
refrigerator until it was inoculated with EDL933 bacteria. 
E. coli O157: H7 inoculation 
  All samples—both control and experimental—were inoculated with fresh 
bacteria EDL 933 under the BSC.  Tweezers were sterilized in ethanol for 10min or 
more and used to dip the meat sample in a 25ml sterilized beaker containing about 
15ml of EDL 933 for ten seconds. Every ten minutes a new sample piece was 
inoculated. Immediately after dipping, each sample was placed in a separate labeled 
petri dish, and stored in non-functioning storage refrigerator at room temperature, 
22
oC. At this time the bacteria began attachment and settled on the meat samples’ 
surface. 
Phage pp01 inoculation 
 Experimental samples were inoculated with stock solution pp01, while the 
control samples were exclusively dipped in control media. The application of pp01 
and control media was executed through dipping to achieve an even distribution on 
the meat surface.  Sterile tweezers were utilized to dip each meat sample for two 
seconds into a sterile beaker containing ~15ml of PP01. The incubation time for pp01 
with EDL933 on the meat samples varied depending upon the condition tested.  Refer 
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to Table 1 for the specific incubation times used.  
Recovery of bacteria 
After the three experimental meat samples were incubated with EDL933 and 
pp01, each sample was prepared for the stomacher, an apparatus that simulates the 
breakdown of food in the stomach. Each sample was “stomached” for 10min in a 
solution of 80ml of peptone water to produce a solution (Co/10) of mashed meat 
chunks in solution.  To ensure that the most accurate CFU representation was 
achieved, each of the three resulting stock solutions was diluted to 1:100 and 1:000. 
Each of the three meat samples was plated in triplicate for each dilution. Thus, six 
plates were produced for each meat sample, totaling 18 plates of experimental 
samples per time condition. The plating technique required 60µl of solution to be 
distributed along the plate with a sterile plastic spreader. All plates were labeled and 
incubated upside-down at 37
o
C overnight (18h). The bacterial colonies formed on 
each plate were counted and calculated as CFU/ml.     
2.5 Experimental Parameters  
Three trials were performed following the experimental protocol established. 
Trial 1 tested for the reduction of EDL 933 on meat samples during 0.5h, 2h, 24h, 
48h, and 72h of incubation with pp01#1. Trial 2 tested for the reduction of EDL 933 
on meat samples during 0.5h, 2h, 24h and 48h of incubation with pp01#2. Trial 3 
tested for the reduction of EDL933 on the meat samples during 0min of incubation 
with pp01#1 and pp01#2 to obtain a baseline for Trial 1 and Trial 2. Refer to Error! 
Reference source not found. for a summary of the conditions tested at each trial.  
Table 1: Experimental Conditions Tested 
Trial 
Incubation Time of Meat Samples with EDL933 and 
pp01/CM* 
 1: pp01#1 0.5h 2h 24h 48h 72h 
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*: CM stands for control media used for the positive controls. This media was prepared following the 
phage propagation protocol with the absence of any phage or bacteria. The control media contained 
PBS and excesses of soft agar.  
 
The reduction of EDL933 on the meat samples from the application of pp01 
was determined by comparing the CFU/cm
2
 obtained from meat samples that were 
incubated with EDL933 and pp01 (experimental) to the CFU/cm
2
 obtained from meat 
samples that were incubated with EDL933 and control media (positive controls). 
Thus, the positive controls were run under the same conditions of the experimental 
meat samples, differing in that they were dipped in control media (CM) instead of 
pp01. Negative controls were run for every condition as well to determine that the 
meat samples themselves were not a source of bacteria. As Error! Reference source 
not found. shows, these meat samples were not dipped in phage or in control media, 
as they were only in contact with peptone water once the meat samples were 
stomached. All the meat samples that served as controls followed the same incubation 
times and temperatures as determined in the experimental protocol. In addition, 
negative controls were run once for every trial to test for contamination from the 
EDL933, pp01, control media, PBS, and peptone water used that day. These negative 
controls did not involve the meat samples, as 60μl of each solution was spread in 
triplicates on small agar plates and incubated overnight (18h). Refer to Tables 2-4 
below for a layout of the number of meat samples used for each trial.  
 
Table 2: Experimental Layout for Trial 1 (pp01#1) 
Meat 
Samples 
Containing: 
Conditions  
Number 
of Meat 
Samples 
- 0.5h 2h 24h 48h 72h - 
2: pp01#2 0.5h 2h 24h 48h - 
3: pp01#1 and 
pp01#2 
0.5h - - - - 
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EDL933 and 
pp01#1 
(experimental) 
3 3 3 3 3 15 
EDL933 and 
CM* 
(pos.control) 
3 3 3 3 3 15 
Peptone 
Water 
(neg.control) 
- - - 3 - 3 
Total 6 6 6 9 6 33 
 
Table 3: Experimental Layout for Trial 2 (pp01#2) 
Meat 
Samples 
Containing: 
Conditions  
Number 
of Meat 
Samples 
- 0.5h 2h 24h 48h 72h - 
EDL933 and 
pp01#2 
(experimental) 
3 3 3 3 - 12 
EDL933 and 
CM* 
(pos.control) 
3 3 3 3 - 12 
Peptone 
Water 
(neg.control) 
- 3 3 3 3 12 
Total 6 9 9 9 3 63 
 
Table 4: Experimental Layout for Trial 3 (pp01#1 and pp01#2) 
Meat Samples 
Containing: 
Condition 
Number of 
Samples  
EDL933 and pp01#1 
(experimental) 
 
0h 
3 
EDL933 and pp01#2 
(experimental) 
 
0h 
3 
EDL933 and CM* 
(pos.control) 
 
0h 
6 
Peptone Water 
(neg.control) 
0h 3 
Total number of 
samples 
 15 
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CHAPTER 3: RESULTS 
3.1 Trial 1: pp01#1 
The first trial preformed utilized phage pp01#1, the first of two solutions of 
phage which were both derived from the same stock. The time conditions investigated 
were: 0h, 0.5h, 2h, 24h, 48h and 72h (note that 48h and 72h data are not shown in 
Figure 5, due to contamination if the meat’s bacteria). The phage concentration was of 
6.4X10
8
PFU/ml, as determined from a phage titer. As seen in Figure 5 below the blue 
bars represent the control samples of E. coli O157:H7 which were dipped in control 
media, and the maroon bars to the right symbolize the experimental meat samples 
containing E. coli O157:H7 and phage pp01#1.  
Results obtained for the 0h, 0.5, 2h, and 24h conditions showed a reduction of 
E. coli on the experimental meat samples when compared to the control samples of 
the corresponding time condition. Due to the function of bacteriophages, it was 
expected that the experimental plates would yield a lower CFU value than the control 
plates. For the initial time 0h, the control samples had an average CFU/cm
2 
of 
1.14X10
5
, and the experimental samples yielded 9.68X10
3
CFU/cm
2
. The second time 
condition resulted in values of 3.73X10
5
CFU/cm
2 
for the control samples and 
1.06X10
3
CFU/cm
2
. At 2h the control samples averaged 1.84X10
4
CFU/cm
2 
and the 
experimental value was 7.96X10
2
CFU/cm
2
. The final time condition showed the 
control meat samples at a value of 2.77X10
5
CFU/cm
2
 and the experimental samples 
containing the phage yielded 4.77X10
3
CFU/cm
2
. The highest reduction occurred at 
24h with ~3X10
5
CFU/cm
2
. Initially, the time conditions included evaluations at 48h 
and 72h. However when the plates for 48h were examined, it was apparent that they 
were contaminated with bacterium. Therefore, 72h samples were not plated. Both 48h 
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and 72h data are not represented on the graph since the results were not meaningful. 
Further examination with a series of negative controls determined that the bacteria 
contamination stemmed from the meat samples being stored at room temperature for 
48h and over.   
Since each CFU/cm
2 
value or bar seen on Figure 5 was based on three hotdogs which 
were plated in triplicate, the standard deviation was calculated for all control and 
experimental values of the four time conditions. The standard deviations between the 
control samples at differing times show the possibility of an overlap, which suggest 
that the time conditions yield similar results. Figure 5 shows that the only overlap 
occurred for the control (blue) bars at 0.5h and 2h. Discovering overlap for the time 
conditions is important since it reveals if each condition selected was the most 
appropriate time condition to collect data. The overlap between 0.5h and 2h suggest 
that future experiments could be conducted with only one of these two times 
conditions.  
To confirm that our results were statistically accurate a one-tailed distribution, 
heteroscedastic t-test was preformed. The highest p value obtained for all conditions 
was at 24h with a p value of 9.31X10
3
. The corresponding p values for Figure 5 are: 
3.50X10
5
, 1.58X10
6
, and 9.56X10
4
, for 0h, 0.5h and 2h, respectively.  Since all other 
p-values at these conditions were lower, Trial 1 results are statistically significant.  
 27 
Figure 5: Results of Trial 1 pp01#1. 
 
3.2 Trial 2: pp01#2 
A second trial was performed following the same experimental protocol as 
Trial 1, differing in that phage stock pp01#2 was used and that samples were tested 
for incubation times only up to 48h. The phage stock showed a phage titer of 
1.96X10
8
PFU/ml. The contamination found in Trial 1 after incubating the meat 
samples for 48h at 22
o
C led us to exclude the 72h condition, but repeat the 48h 
condition in Trial 2 to test the repeatability of the contamination. The results of the 
48h condition showed contamination comparable to that seen in Trial 1 at 48h, as well 
as very similar bacterial growth from the meat sample controls that were incubated 
without any E. coli, phage or control media inoculation. The other conditions tested 
for Trial 2 show a reduction of E. coli after incubation with phage of 
3.9X10
4
CFU/cm
2 
at 0h, of 3.07X10
4
CFU/cm
2
 at 0.5h, of 5.3X10
4
CFU/cm
2
 at 2h, and 
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of 1.04X10
5
CFU/ cm
2 
at 24h. Refer to Figure 6 for Trial 2 results. These results are 
consistent with Trial 1 in that the highest reduction of E. coli with the application of 
phage was seen at 24h of incubation.  
As in Trial 1, the standard deviation for each condition was calculated. As 
expected, the overlap in the standard deviation of the control samples (blue bars) seen 
at 0h and at 0.5h suggests that the small time difference between these two conditions 
was not statistically significant enough to differentiate between the times of 
incubations. The comparison of the standard deviation between the time conditions 0h 
and 2h, 0h and 24h, and 2h and 24h, suggests that the time difference between these 
three time conditions is large enough to differentiate between the times of incubation.  
On another note, the standard deviation of the control and experimental 
samples of the conditions 0h, 0.5h, and 24h is high enough to suggest some or close 
overlap within each time condition. As in Trial 1, the same t-test was performed for 
the two samples used at each time condition to determine whether the reduction of E. 
coli seen at each of these conditions was in fact statistically valid. The highest p value 
obtained for all conditions was that of 24h with a p value of 0.00367. All the other 
conditions showed p values significantly lower than that of the 24h condition. The p 
values for 0h, 0.5h and 2h were: 5.3X10
-7
, 4.76X10
-5
, and 8.74X10
-8
. Thus, the 
bacterial reduction seen at each condition with the application of phage is statistically 
significant.  
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Figure 6: Results of Trial 2 pp01#2. 
 
3.3 Trial 3: Baseline with pp01#1 and pp01#2 
A third trial was performed where the same experimental protocol was used in 
Trial 1 and Trial 2, but only the condition 0h was to be performed in order to include 
a time-baseline for comparison with the other times of incubation. Two sets of data 
were collected for 0h, one which used the phage stock pp01#1 to be included as a 
baseline for Trial 1 and one that used the stock pp01#2 to be included as a baseline for 
Trial 2.  
The results for the 0h condition were included with the graphs presenting the 
results from Trial 1 and Trial 2 respectively. The results for the controls of 0h of 
incubation (blue bars) show an increase in CFU/cm
2
 with respect to the 0.5h condition 
for Trial 1. This was not expected, as the small time difference between the 0h and 
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0.5h of incubation suggested that a lower or equal bacterial growth be seen for the E. 
coli free of phage at time 0h. A possible cause for such an increase in bacterial growth 
for the 0h condition is that the E. coli inoculums used for the 0h condition could have 
been at a higher stage in its exponential growth curve. For each trial, the baseline 
condition was performed on a different day then the trial. During the performance of 
Trial 2 and 3, problems were encountered with achieving the desired absorbance from 
the E. coli inoculum. It is unclear whether the bacteria had grown beyond the 
exponential phase, or whether there was a technical problem with the 
spectrophotometer or the glass cuvettes. Nonetheless, in Trial 2 there was a longer lag 
time from the moment the bacteria cells were spun to when the meat samples were 
dipped in the bacteria than in Trial 1. This could explain why the 0h condition for 
Trial 1 showed a statistically higher bacteria growth at time 0h than Trial 2.  
CHAPTER 4: DISCUSSION  
Importance of time conditions 
The creation of this specific protocol was highly influenced by 4mths of research 
from Michael Coussa, an undergraduate student at McGill University. The student 
commenced the experiment in the summer of 2007, evaluating the reduction 
capability of phage on E. coli affected samples. His procedure involved the 
application of E. coli and phage by dipping, and a vital point of difference was the 
absence of a control media for the meat samples to be dipped. Also, in this procedure 
the meat samples were always stored in the refrigerator at 4
o
C, and the time 
conditions were: 0h, 24h, 48h, and 72h. His results revealed the same ratio of 
deduction from the control and experimental samples at each condition. These 
findings disproved similar research, suggesting that over time the effectiveness of the 
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phage reducing bacteria varied. 
Our project was a continuation of his research findings; therefore, the overall 
procedure remained the same. Changes to the protocol were based on preliminary 
research and faults determined from his protocol. In addition, we added the objective 
of exploring of the most effective time condition needed for the reduction of  E. coli.  
One amendment to the procedure was the introduction of the meat samples to 
control media. In the prior procedure the control samples were dipped only once for 
the application of the E. coli, while the experimental samples were dipped twice: once 
for the application of the meat samples and once for the phage. Our preliminary 
research yielded a loss of bacteria with the second dipping of the meat sample. 
Consequently, this procedure required the control samples to be dipped in a solution 
camparable to the phage solution, however not containing phage. The addition of the 
control media allowed for the control and experimental samples to be compared.  
Another chief modification was made in the incubation conditions. The prior 
experiment stored all samples in the refrigerator at 4
o
C, to simulate the process of 
buying the meat and storing it in the refrigerator until the preparation for ingestion. 
Our incubation conditions kept all samples at room temperature 22
o
C, as other 
researchers had done for similar phage application experiments. It was hypothesized 
that a warmer temperature would induce the adhesion of the bacteria to the surface of 
the meat sample.  
The final modification was related to time conditions. Four time conditions were 
chosen to evaluate the effects of bacteriophage on the meat samples infected with E. 
coli. Time conditions 0.5h and 2h were chosen, due to the research findings of 
O’Flynn; his experiment showed mutations of the E.coli after one hour of application 
of the phage to the meat contaminated frankfurters. Accordingly, this project’s 
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procedure observed the samples at 0h and 2h. The data suggested phage’s lack of 
ability to perform as efficiently after 1h, due to the production of mutated and phage 
tolerant bacteria [10]. However, examination of the standard deviation of the data 
revealed that no substantial change was viewed between the reduction results for 0.5h 
and 2h. 
The 24h time condition was chosen due to the prior research of an undergraduate 
student for this experimental objective. We had anticipating to compare the phage 
application results to the prior experiment results of 48h and 72h. However, 
complications occurred, and the 48h and 72h were determined not reliable for trial 1 
and not incorporated in the plating protocol for trial 2. At 48h of incubation at 22
o
C, 
the bacterial plates appeared contaminated with another bacteria form, as seen in 
Error! Reference source not found., part a. This species’ morphology widely 
differed from the cream-colored, highly-circular colonies of the EDL 933 bacteria. 
Error! Reference source not found., part b shows the expected EDL 933 bacterial 
colonies. Error! Reference source not found. shows a plate at 48h of incubation 
containing the EDL 933 colony forming units and additional large, symmetrical-sized 
bacterial colonies.  
          
Figure 7: a) Abnormal bacterial colonies observed from meat samples alone after 48h. b) Normal 
observation of EDL 933 bacterial colonies 
                       
 33 
 
 
 
Figure 8: Sample of EDL 933 cells on meat samples with bacterial cell growth at 48h. 
 
 
 
Therefore for Trial 2, pp01#2, the time condition 48h was only observed through 
controls but never plated. The controls verified the presence of a different bacteria 
colony after 48h. 
The final time condition was at baseline 0h. This condition was plated after the 
experiments of both trials were completed, as it was a suggestion from advisor Dr. 
Tufenkji. A baseline reading of data was important to gather so other the time 
conditions to be evaluated in comparison to the initial amount of CFUs for control 
and experimental samples.  
Phage variations for stock solutions 
Phage propagation occurred twice using the same stock solution to produce 
enough solution for multiple trials of inoculating the meat samples. The first solution, 
pp01#1 was used solely for the time condition of Trial 1, while pp01#2, the second 
solution of phage, was produced after the production of pp01#1 and used exclusively 
for Trial 2 conditions. 
When solutions for the second trial were plated, the resulting colonies had three 
distinct morphologies of bacteria existing on the plates. Besides the normal EDL 933 
 34 
colonies, seen in Error! Reference source not found., part b, smaller and creamer 
colonies were observed as well as larger asymmetrical and less opaque cream 
colonies. This contamination suggests that the results of trial 2 should be deemed as 
inconclusive. However, it is important to note that the data and the graph of Trial 2 
depict the same trends as in Trial 1.  
Although no analysis was preformed to identify the strain of bacteria, the broad 
differences in morphology lead to the conclusion of two different contaminants 
existing in the phage pp01#2 solution. When comparing the normal EDL 933 colonies 
of trial 2 with the colonies of trial 1, the bacterial counts were much higher for trial 
two. It can be hypothesized that the presence of the two other bacteria inhibits the 
phage from controlling the EDL 933 colonies. Also, if is possible that the range of the 
pp01 includes the two bacteria present on the plate, and the phage is working to 
reduce the colonies of all three bacteria. Since there is an increase in bacteria and no 
increase in the concentration or MOI of phage the reduction on E. coli is less 
significant for Trial 2.  
Areas for improvement can be viewed for trial 1 with the use of pp01#1. For 
condition 2h both the control and the experimental amounts are lower than values for 
time 0.5h. Expected results of bacteria growth curve for the control would show a 
consistent increase in amount bacteria from 0h to 24 hours. Eventually, the growth 
rate would reach an asymptote and stabilize, until the bacteria would slowly decrease 
in numbers. The plateau of CFU for the control meat samples was not observed from 
the preliminary research.  
In conclusion, both trials showed a noticeable reduction of bacteria EDL 933 
with the use of phage pp01, and the highest reduction of both trials occurred at 24h. 
For Trial 1 the bacterial reduction was ~3X10
5
CFU/cm
2 
and Trial 2 yielded reduction 
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results of ~1X10
5
CFU/cm
2
. To confirm that the data was statistically accurate, a one-
tailed distribution, heteroscedastic t-test was preformed for both trials. The highest p 
value for Trial 1 occurred at 24h with <0.009, while Trial 1 achieved its highest p 
value as <0.00367 at 24h. Both values are within the statistical range, denoting that 
both the control and the experimental samples yield different results.  
In addition, there was no statistical difference in E. coli reduction at 0.5h from 
2h. Hence, one of these two time conditions can be exempted for further trials. Also, 
when incubating the samples at 22
o
C no reliable data could be achieved for time 
conditions greater than 48h due to contamination of the meat sample’s bacteria. 
CHAPTER 5: RECOMMENDATIONS AND FUTURE 
RESEARCH  
As discussed above, there were several difficulties encountered in conducting 
the trials as well as some uncertainties in the observed results. One of our most 
important recommendations lies in the production of phage pp01. We encountered 
significant difficulties in producing large amounts of phage that were highly 
concentrated and sterile for use in the trials. We recommend that proper planning be 
done to produce all the phage needed to conduct all of the expected trials with one 
stock of phage. This way, discrepancies between two different stocks of phage used 
can be avoided. As well, obtaining sterile phage should be a priority before 
conducting the trials as we obtained contamination in the phage stock pp01#2 because 
filtering with 0.45μm was not sufficient to sterilize the solution and filtering manually 
with 0.22μm was extremely difficult. A suggestion for this problem could be to 
sterilize the phage using centrifuge filters to allow for such sterility.  
Performing absorbance readings for obtaining the same bacteria concentration 
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before trials may not have been sufficient for ensuring that the bacteria used for each 
trial were in the same part of the exponential growth phase.  Our second major 
recommendation would be to conduct a growth curve to more accurately determine 
that all bacteria used in the trials are in the same portion of the exponential growth 
phase.  
In addition to the recommendations above, there are other conditions that can 
still be explored within the scopes of this project. Future research could be conducted 
to test the efficiency of using phage pp01 to control the growth of E. coli O157:H7 
strain EDL933 on processed meat with different MOIs. Time constraints only allowed 
us to conduct two trials with the same MOI of 100. However, exploring the effects of 
MOIs ranging from 10 to 100 is of interest as the literature shows that this range 
obtains the most bacterial reduction. In addition, since there was no statistical 
difference between incubation times of 0.5h and 2h, these two conditions could be 
combined to test only the 2h condition. Further, testing for the effectiveness of 
bacterial reduction at incubation times between 2h and 24h and between 24h and 48h 
is also of interest. This can help determine the rate of bacterial reduction between 
these times as well as the maximum time of incubation allowed after incubation at 
room temperature. Another possible condition to test would be to inoculate the meat 
samples with a higher bacteria concentration, as this experiment targeted a bacterial 
coverage of ~10
3
CFU/cm
2
, but literature has shown that better results can be seen by 
inoculating the meat samples to about ~10
5
CFU/cm
2
. This would require the 
production of more concentrated phage, or of reducing the MOI to something lower 
than 100 and higher than 10. Finally, the objective of this project can also be applied 
to other foods that have been involved in E. coli recalls, such as spinach and lettuce.  
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APPENDIX I: PROTOCOLS  
1.1 Media Preparation 
Materials:  
LB: (20.00g for 1L of LB media) 
1L Erlenmeyer flask 
6 culture flasks 
Autoclave:  
 
To make 150ml of media for 6 culture flasks: 
1) Measure 20.00g of LB and transfer to a clean 1L Erlenmeyer flask with ~600ml of 
diH20.  
2) Add a stir bar and place in heating plate, set to not more than 150oCwhile stirring 
for ~5min until all the LB has dissolved.  
3) Transfer the ~600ml of media to a 1L cylinder and add diH20 to reach a total 
volume of 1000ml of media.  
4) Measure 150ml with a 200ml cylinder and transfer this volume of media to each 
culture flask (enough for 6 culture flasks).  
5) Cap each culture flask with a sponge and then cover the top of the culture flasks 
with aluminum foil (to cover all of the sponge and the top of the culture flask). 
6) Stick autoclave tape on each flask (on top of the aluminum foil to indicate sterility 
once autoclaved). 
7) Place each culture flask in the autoclave for a liquid cycle of 96min at a 
temperature of 200
o
C.   
8) Store at room temperature for a maximum of ~2 weeks.  
1.2 Agar Preparation 
Materials:  
LB: (20.00g for 1L of LB media) 
Granulated Agar: (15.00g for 1L of agar) 
1L Erlenmeyer flask 
Sponges 
Autoclave: 
 
Petri dishes:  
 
To make 800ml of agar enough for ~30 small Petri dishes: 
1) Measure 16.00g of LB and transfer to a clean 1L Erlenmeyer flask with ~500ml of 
diH20. Remove all the LB from the measuring devise with diH20.  
2) Add a stir bar and place in heating plate, set to not more than 150oC, while stirring 
for ~5min until all the LB has dissolved.  
3) Transfer the ~500ml of LB to a 1L cylinder and add diH20 to reach a total volume 
of 800ml of dissolved LB.  
4) Transfer to the 1L Erlenmeyer flask containing the stir bar and add 12.00g of 
granulated agar. Do not use diH20 to remove agar from the measuring device, at 
this point the volume cannot be changed.  
5) Cap the 1L flask with as many sponges as necessary (usually 3 if using new ones) 
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and then cover the top of the flask with aluminum foil (to cover all of the sponges 
and the top of the flask). 
6) Stick autoclave tape on the flask (on top of the aluminum foil to indicate sterility 
once autoclaved). 
7) Place the flask in the autoclave for a liquid cycle of 96min at a temperature of 
200
o
C.   
8) Cool 1L flask containing the agar by leaving in a cold water bath for a maximum 
of 5min.  
9) Then immediately pour the agar onto ~30 petri dishes using sterile technique, 
preferably in the BSC. Note that whenever using the BSC, the inside should be 
sprayed with ethanol to keep maximum sterility before and after use.  
10) Let the agar plates uncapped and in the BioSafetyCabinet (BSC) for ~15min. 
When dry, cap them in the BSC and store them in a large zip lock bag at room 
temperature right side up (upside down). Agar plates should be stored for a 
minimum of 1 day and a maximum of ~2 weeks before use.  
1.3 Peptone Water Preparation 
Materials:  
1L Erlenmeyer flask 
Autoclave: 
 
To make 800ml of 10XPBS: 
1. Measure 2.00g of peptone substance and transfer to 1L Erlenmeyer flask with 
~500ml of diH20.  
2. Use small bottle of diH20 to clear remaining particles of peptone from 
weighing dish. 
3. Add a stir bar and place on a heat and stir plate, set to not more than 
150
o
Cwhile stirring for ~5min until solution is homologous.  
4. Transfer the solution to a 1L cylinder and add amount diH20 required to reach 
800ml.  
5. Transfer 800ml to 1L glass bottle and cap with lid on loosely, and place 
autoclave tape on the top of flask. 
6. Autoclave on liquid cycle of 96min at 200oC.   
7. Store at room temperature for a maximum of ~2 weeks.  
 
 
1.4 E. coli O157:H7 Inoculum Preparation  
Materials: 
1L culture flask  
E. coli O157: H7 
Bunsen burner 
Parafilm 
Perti dish 
Metal loop 
PBS (200ml) 
200ml centrifuge tube 
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Centrifuge: 
 To make 100 ml of bacteria re-suspended in PBS. 
1. Sterilize the metal, looped-wire over fire in the BSC. 
2. Using the wire, streak a plate containing stock EDL 933. Immediately, place 
the metal loop into the flask containing 150 ml of LB media and stir to assure 
bacteria has successfully transferred to the solution. 
3. Cap the flask with a sponge and place autoclave tape clearly across the neck of 
the flask. 
4. Incubate for 18h at 37oC with constant swirling and re-parafilm the plate of 
EDL 933 to store in the refrigerator at 4
o
C. 
5. After 18h of incubation, place bacteria in a 200ml centrifuge tube and 
centrifuge at 6210 RPM for 15min. 
6.  Re-suspend the pellet in 100ml of PBS, vortex and centrifuge for a second 
time at 6210 RPM for 15min. 
7.  Re-suspend the pellet again in 100ml PBS, vortex, and store in the 
refrigerator at 4
o
C.  
1.6 Phage Propagation  
To produce ~60ml of phage 
 
Prior to Day1: Make ~6 large agar plates following Protocol 1.2 “Agar Preparation” 
but pour agar onto large Petri dishes. Allow to dry before Day 1. 
  
Day 0: Inoculate E. coli O157:H7 and incubate overnight (18h) at 37
o
C. 
 
Day1: 
1) Make 100ml of top agar (2g of LB in 100ml of diH20 + 0.7g of agar) and 
autoclave. 
a. Set up hot water bath for top agar near BSC and control temperature 
above 50
o
C with a thermometer to avoid solidification of soft agar. 
 
2) Spin EDL933 after 18h of incubation, re-suspend in 100ml of PBS, repeat 
once (in the BSC) 
 
3) Obtain as many small plastic test tubes (capable) as large agar plates ready for 
use.  
 
4) Transfer 200μl of fresh undiluted EDL933 and 100μl of pp01 stock into each 
small plastic tube.  
 
5) Incubate all small tubes at 37oC for 20min while swirling every 5min.  
 
6) After incubation, take all small tubes to the BSC and add 7ml of soft agar into 
each small tube. Lightly swirl each tube to allow for mixing of agar with 
phage and bacteria. 
a. Immediately carefully pour the 7ml of soft agar from each small tube 
onto a large agar plate (avoid bubbles).  
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7) Swirl plates to spread the soft agar evenly, allow soft agar to dry, and then 
incubate at 37
o
C overnight (18h). 
 
Day 2:  
1) Remove all large agar plates from the incubator and add 10ml of PBS to each 
large plate. 
 
2) Parafilm the plates and incubate them overnight (18h) at 4oC in a rocker.  
 
Day3: 
1) Remove all large agar plates form the rocker and tilt for 10min to make the 
excess PBS containing phage and bacteria become removable.  
 
2) Pipette this mixture off of the large plates and store it in a sterile 50ml glass 
bottle, and labeled appropriately.  
 
3) Add 5-15 drops of chloroform to the phage mixture as a means to kill the 
bacteria.  
 
4) Centrifuge the phage mixture for 15min at 6120rpm until no pellet of bacteria 
forms.  
 
5) Filter the ending supernatant through 0.45um filters to purify the phage. Do 
this as sterile as possible 
 
6)  Store the resulting solution in a sterile 50ml glass container at 4oC until 
further use. 
 
1.6 Phage Titer for PFU/ml Calculation 
For a titer of Co/10, Co/10
2…Co/108, when Co is the [phage stock]  
 
Prior to Day1: Make more than 24 small agar plates following Protocol 1.2 “Agar 
Preparation”. Allow to dry before Day 1. 
  
Day 0: Inoculate E. coli O157:H7 and incubate overnight (18h) at 37
o
C. 
 
Day1: 
1) Make 100ml of top agar (2g of LB in 100ml of diH20 + 0.7g of agar) and 
autoclave. 
a. Set up hot water bath for top agar near BSC and control temperature 
above 50
o
C with a thermometer to avoid solidification of soft agar. 
 
2) Spin EDL933 after 18h of incubation, re-suspend in 100ml of PBS, repeat 
once (in the BSC) 
 
3) Obtain 24 small plastic test tubes (capable).  
 
4) Make a 1:10 serial dilution of the phage stock until Co/108. 
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5) Transfer 100μl of fresh undiluted EDL933 and 100μl of each dilution of pp01 
stock into three small plastic tubes. There should be a set of three small tubes 
per dilution.  
 
6) Incubate all small tubes at 37oC for 20min while swirling every 5min.  
 
7) After incubation, take all small tubes to the BSC and add 3ml of soft agar into 
each small tube. Lightly swirl each tube to allow for mixing of agar with 
phage and bacteria. 
b. Immediately carefully pour the 3ml of soft agar from each small tube 
onto a small agar plate (avoid bubbles).  
 
8) Swirl plates to spread the soft agar evenly, allow soft agar to dry, and then 
incubate at 37
o
C overnight (18h). There should be a set of three small agar 
plates for every dilution tested.  
 
Day 2:  
3) Remove all large agar plates from the incubator and count the phage plaques 
on the small agar plates. Plaques are very small circular areas where the phage has 
killed the bacteria. They look like distinguishable clear dots on the agar plates. 
The number of plaques is recorded as PFU. 
 
1.7 Phage Titer for PFU/cm2 Calculation 
Day 0:  
9) Make 100ml of top agar (2g of LB in 100ml of diH20 + 0.7g of agar) and 
autoclave. 
 
10) Spin EDL933, re-suspend in 100ml of PBS, repeat once (BSC) 
 
11) Sterilize cutting board, ruler, tweezers, exacto-knife, and label empty petri 
dishes with hotdog# and condition. Place everything in BSC. 
c. cut 1 hotdog piece (1cm length) 
d. store hotdog in labeled Petri dish  
e. Immediately store at 4C for 1 hour 
 
Meanwhile: 
 
12) Place in BSC: 250ml sterile beaker (for peptone water), sterilized repeat 
pipette (to measure out 80ml of peptone water), one sterile 25ml beaker ( to 
hold ~10ml of PP01), stomaching bags (where hotdogs and peptone water will 
be put), 1L beaker (to hold stomaching bag), sterile peptone water, sterile 
tweezers.  
 
13) Measure 80ml of peptone water with repeat pipette and transfer to stomacher 
bag 
 
After 1 hour: 
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14) Take out Petri dish with hotdog and put in BSC 
15) Add ~10ml of PP01 to sterilized 25ml beaker 
16) Start application of phage by dipping the hotdog in PP01 for ~2s  
17) Immediately after application of phage, put hotdog in stomacher bag and 
stomach for 10min.  
18) Take stomacher bag into BSC and transfer ~40ml of stomached solution into 
50ml falcon tubes 
 
19) Dilute stomached solution 1:10 until 10^-8 and plate triplicates of all dilutions. 
f. Will need a total of 8*3 = 24 small plastic tubes and 24 agar plates.  
g. To do this: take out 100μl  of each dilution and put in small plastic 
tubes, repeat until you have 3 small plastic tubes for each dilution. 
h. Add 100μl of EDL933 into each small plastic tube.  
i. Incubate all 24 small plastic tubes for 20min with swirling every 5 
min.  
 
20) Set up hot water bath for top agar near BSC 
21) Take tubes to the BSC after incubating them and add 3ml of soft agar to each 
small plastic tube, vortex, and pour carefully onto small agar plates (avoid 
bubbles).  
22) Swirl plates to spread the soft agar evenly, allow soft agar to dry, and then 
incubate at 37C for ~18h. 
 
 
